All relevant data are within the paper.

Introduction {#sec001}
============

Since the beginning of the HIV/AIDS epidemic, HIV-1 has infected more than 60 million people and caused more than 25 million deaths in the world \[[@pone.0126068.ref001]\]. Because of transmission from infected mothers to their infants, HIV-1 infection is also one of the major causes of childhood death globally. An estimated 3.34 million children under 15 years old are living with HIV/AIDS \[[@pone.0126068.ref001]\]. Each day, over 700 children become infected with HIV in 2012, the vast majority of whom are newborns \[[@pone.0126068.ref001]\]. The majority of pediatric HIV-1 infections occur through mother-to-child transmissions (MCHT) perinatally and through breast feeding \[[@pone.0126068.ref002]\]. Amazingly even though the chances of transmitting HIV-1 infected cells and free viruses from an infected mother to a child is very high, not all children born to HIV-infected mother are infected with the virus. Without anti-retroviral (ARV) drug treatment, from 16% to 30% of the children born to HIV-infected mother are infected perinatally thus between 70% to 84% of the children escape HIV-1 infection \[[@pone.0126068.ref001]\]. Better understanding of the factors influencing MCHT will improve our knowledge of the mechanism of transmission, and thus enable the development of alternative interventions in addition to ARV for transmission prevention.

High plasma HIV-1 load, low maternal CD4 cell counts, vaginal delivery, low gestational age, non-use of ARV by mother and/or neonates, and breast feeding have all been identified as independent factors associated with MCHT \[[@pone.0126068.ref002]--[@pone.0126068.ref004]\]. Host genetic factors also play an important role \[[@pone.0126068.ref005]--[@pone.0126068.ref009]\]. HLA class I concordance between mother and child increases the risk of HIV transmission \[[@pone.0126068.ref006],[@pone.0126068.ref009],[@pone.0126068.ref010]\] perinatally but not through breast feedings. This is thought to be largely due to alloimmunity generated by the host-antigen associated pathogens that carry host antigens on their surface during transmission between individuals \[[@pone.0126068.ref011]\]. The host proteins including HLA molecules on the surface of HIV-1 infected cells and envelope of HIV virus masked the virus and allowed the HIV-1 virus or infected cells to avoid detection by the host immune system. While this enables HIV-1 to maintain a chronic infection in the infected host, the host antigens expressed on their surface work against them during transmission between different hosts. This is because, among host antigens, the polymorphic HLA induces the most rapid and potent prophylactic immune reaction known against intraspecific antigens. Thus, the HLA molecules on the surface of HIV-1 infected cells and HIV virus can prevent transmission through induction of prophylactic alloimmune responses due to the mismatch of HLA between individuals of different HLA alleles. Alloimmunity due to discordance of HLA class I alleles between mother and child likely plays an important role in preventing perinatal HIV-1 transmission in the absence of antiretroviral treatment \[[@pone.0126068.ref006],[@pone.0126068.ref009],[@pone.0126068.ref010]\].

Specific HLA class I genotypes appear to influence MCHT \[[@pone.0126068.ref012]\]. HLA class II antigens are also very diverse and consist of DRB (1, 3, 4, and 5), DQA1, DQB1, DPA1, and DPB1. More than 2870 class II alleles have been identified and DRB1 is the most polymorphic class II gene with more than 1642 identified alleles \[[@pone.0126068.ref013],[@pone.0126068.ref015]\]. HLA class II antigens play an important role in response to infectious and autoimmune diseases through presenting pathogenic and self-peptides to CD4+ T cells. Matching HLA class II antigens between unrelated donor and recipient in transplantation improves survival \[[@pone.0126068.ref016]--[@pone.0126068.ref019]\] indicating that alloimmunity by class II antigens should not be ignored. HLA class II antigens present pathogenic peptides to CD4 T cells and play an important role in resistance/susceptibility to HIV-1 infection \[[@pone.0126068.ref020]--[@pone.0126068.ref022]\]. However, the effect of HLA class II antigens on mother-child HIV-1 transmission has not been well studied. A lone study on the effect of class II antigens yielded inconclusive results due to a small number of HIV-1 positive children in the study and the confounding effect of antiretroviral treatment \[[@pone.0126068.ref006]\]. A thorough investigation of the influence of HLA class II antigens on MCHT is important to fully understand the risk/protective factors in perinatal HIV transmission and to develop alternative methods to ARV for the prevention of transmission in the event of development of drug resistance, which will make ARV interventions ineffective.

The Mother-child HIV Transmission cohort in Nairobi was established in 1986 at the Pumwani Maternal Hospital to study risk factors in mother-child HIV-1 transmission \[[@pone.0126068.ref023]\]. In this cohort overall,

16% of children were infected perinatally. Previous studies in this cohort showed that HLA class I concordance between mother and child increases the risk of HIV transmission and that specific HLA class I supertypes influence mother-child HIV-1 transmission \[[@pone.0126068.ref005],[@pone.0126068.ref010]\]. The protective effect of class I discordance between mother and children was also seen in two other cohort studies \[[@pone.0126068.ref006],[@pone.0126068.ref009]\]. This study was designed to investigate the influence of HLA class II antigens and their interactive effect on mother-child HIV transmission, we studied 112 perinatally infected children and 187 uninfected controls from the cohort and genotyped HLA-DRB (includes DRB1, DRB3, BRB4 and DRB5), DQB1, DPA1 and DPB1 genes of the mother and the children using a high-resolution sequence-based method \[[@pone.0126068.ref024],[@pone.0126068.ref025]\]. Since the population was antiretroviral drug naïve at the time of the infant birth, the effect of genetic factors, such as HLA class II are not confounded by ARV therapy which significantly reduces perinatal transmission \[[@pone.0126068.ref003]\].

Materials and Methods {#sec002}
=====================

Study population {#sec003}
----------------

A subset of HIV-1 infected mothers and their children enrolled in the University of Nairobi HIV-1 Perinatal Transmission and Pediatric AIDS Study from 1986 to 2000 were included in this study. Its enrolment protocol and study design have been previously described \[[@pone.0126068.ref023]\]. All mothers and children examined in this study were antiretroviral treatment naïve. Every child was vaginally delivered and most at term. Around 16% of children were determined to be infected perinatally in the cohort. Breast-feeding was advocated according to the World Health Organization breast-feeding guidelines at the time of enrolment. Blood for HIV-1 serologic assays was obtained at birth, at 6, 14, and 24 weeks, and every 3 months thereafter. Blood for HIV-1 provirus PCR was collected. Children who born to infected mothers, become seronegative and remained PCR negative were considered uninfected. Even though in this cohort overall only

16% of children were infected perinatally, to obtain nearly equal number of perinatally infected and uninfected children for this study to increase the statistical power we tried to include as many mothers with perinatally infected children as we could find in this cohort and randomly matched them with close to equal numbers of mothers with uninfected children.

Among the 299 children born to HIV positive mothers included in this study, 187 were HIV uninfected and 112 became HIV infected perinatally. The classification of children's HIV status and HIV serology and PCR testing were reported in previous publications \[[@pone.0126068.ref005],[@pone.0126068.ref010]\]. This study has been approved by the Ethics Committee of the University of Manitoba and the Ethics and Research Committee of Kenyatta National Hospital. Informed consent was obtained from all women enrolled in the study.

Typing of HLA class II genes {#sec004}
----------------------------

A high-resolution sequence-based typing method was used to type HLA class II genes \[[@pone.0126068.ref024],[@pone.0126068.ref025]\]. Genomic DNA was isolated from frozen blood, PBLs, buffy coats, or blood spots of HIV positive mothers and their children. HLA DRB1, 3, 4 and 5, DPA1, DPB1, and DQB1 genes were amplified with gene specific primers ([Table 1](#pone.0126068.t001){ref-type="table"}). Agarose gel electrophoresis was used to confirm the amplification of the class II genes. The amplified PCR products were purified with Millipore PCR purification system and sequenced with specific primers using BigDye 1.0 cycle sequencing kits. The sequencing products were analyzed with ABI3100 Genetic Analyzer. The class II sequences were typed using CodonExpress, a computer software program developed based on a Taxonomy-based Sequence Analysis \[[@pone.0126068.ref024],[@pone.0126068.ref025]\]. DPA1, DPB1, and DQB1 were typed at the 4 digit resolution. DRB1 was typed to the group level (2-digit resolution) for alleles in DRB1\*03, DRB1\*04, DRB1\*08, DRB1\*11, DRB1\*12, DRB1\*13, and DRB1\*14. Four digit allele level resolution was achieved for DRB1\*01:01, DRB1\*01:02, DRB1\*07:01, DRB1\*10:01, and DRB1\*15:03. The DRB3, DRB4 and DRB5 were typed at two digit level. All alleles are reported at 4 digit resolution except for the ones were typed only at the group level.

10.1371/journal.pone.0126068.t001

###### PCR and sequencing primers used for genotyping HLA class II genes.
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  name           specificity                          primer sequence
  -------------- ------------------------------------ ----------------------------------
  **DQB1**                                            
  DQBDNAF        5\'DQB1 (PCR forward primer)         5\'-TCCCCGCAGAGGATTTCGTG-3\'
  DQBDNAR        3\'DQB1 (PCR reverse primer)         5\'-GGCGACGACGCTCACCTC-3\'
  DQBSEQ1        DQB1 Sequencing primer (sense)       5\'-GCAGAGGATTTCGTGTTCCAG-3\'
  DQBSEQ3        DQB1 Sequencing primer (antisense)   5\'-CCTTCTGGCTGTTCCAGTACTC-3\'
  **DRB**                                             
  DRBPRCF        5\'-DRB                              5\'-GTTCGTGTCCCCACAGCACGTTTC-3\'
  DRBPCRR        3\'-DRB                              5\'-CATGCTCACCTCGCCGCTGCAC-3\'
  DRBSEQ4        DRB (antisense)                      5\'-GAAGCTCTCACCAACCCCGTAG-3\'
  DRB01SEQ       DRB1\*01s                            5\'-TTGTGGCAGCTTAAGTTTGAA-3\'
  DRB031234SEQ   DRB1\*03s, 11s, 12s, 13s, 14s        5\'-CACGTTTCTTGGAGTACTCTAC-3\'
  DRB04SEQ       DRB1\*04s                            5\'-CCTGGACAGATACTTCTATC-3\'
  DRB08SEQ       DRB1\*08s                            5\'-TTCTTGGAGTACTCTACGG-3\'
  DRB1516SEQ     DRB1\*15s, 16s                       5\'-CACGTTTCCTGTGGCAGCCTAAGA-3\'
  DRB3SEQ        DRB3                                 5\'-CCACAGCACGTTTCTTGGAGCT-3
  DRB4SEQ        DRB4                                 5\'-GAGCGAGTGTGGAACCTGATC-3\'
  DRB5SEQ        DRB5 and DRB1\*09                    5\'-CACGTTTCTTGCAGCAGGA-3\'
  DRB86SEQ       DRB with GTG at codon 86             5\'-CTGCACTGTGAAGCTCTCAC-3\'
  DRB58SEQ       DRB with GAG at codon 58             5\'-AGCTGGGGCGGCCTGATGAG-3\'
  DRB26SEQ       DRB with TAC at codon 26             5\'-TGGGACGGAGCGGGTGCGGTA-3\'
  **DPA1**                                            
  DPAPCRF        5\'DPA1                              5'- ACATTTTGTCGTGTTTTTCTCT -3'
  DPAPCRR        3\'DPA1                              5'- GTTGACCTTCCCTACTCTC -3'
  DPASEQF        DPA1 Sequencing primer (sense)       5'- GGCGGACCATGTGTCAACTTAT -3
  DPASEQR        DPA1 Sequencing primer (antisense)   5'- GCAAGGTTGGTGTGAGTCCG-3'
  **DPB1**                                            
  DPBPCRF        5\'DPB1                              5'-GAGAGTGGCGCCTCCGCTCAT-3'
  DPBPCRR        3\'DPB1                              5'-GCCGGCCAAAGCCCTCACTC-3'
  DPBSEQF        DPB1 Sequencing primer (sense)       5'- CCTCCCCGCAGAGAATTAC-3'
  DPBSEQR        DPB1 Sequencing primer (antisense)   5'-GAGGTGAGTGAGGGCTTTG-3'

Classification of mother-child HLA matching {#sec005}
-------------------------------------------

The number of matching between mother's and child's HLA class II type is assessed following the method reported in the previous publication \[[@pone.0126068.ref010]\]. Specifically, because for each class II gene, a child inherits one allele from mother and one from father, and will match at least 50% of mother's class II alleles. If the two alleles of the child at a class II locus match the two alleles of the mother, they are considered concordant at that locus. If the mother is homozygous at a locus, she is also considered to be concordant at that locus with her child because to the child there is no foreign antigen.

Statistical analysis {#sec006}
--------------------

The effect of HLA class II genes on mother-child HIV transmission was assessed by statistical analysis with SPSS 13.0. The standard univariate Fisher's exact test (*P* value, odds ratio, confidence interval 95%) were utilized to determine the relationship between binary outcomes and explanatory variables. A total of 26 class II alleles or allele groups with a population frequency of 4% or higher were analyzed for the associations with risk of transmission. Logistic regression was used for multivariate analysis. False-discovery rate (FDR) was used to adjust P value for multiple comparisons and the p values of 26 class II allele or allele groups with frequencies above 4% were used for FDR calculation. FDR was calculated using the FDR calculator in Excel file hosted at Rowett Research Institute website ([*http*:*//www*.*rowett*.*ac*.*uk/\~gwh/fdr*.*html*](http://www.rowett.ac.uk/~gwh/fdr.html)).

Results {#sec007}
=======

Biology of HIV positive mothers and their children {#sec008}
--------------------------------------------------

A total of 299 children born to 234 mothers were examined in this study. It included 51 mothers with two or more children. Since many factors might influence MCHT, we compared the biology of mothers who have only uninfected children with mothers who have one or more HIV-1 positive children for factors such as age, marital status, duration of gestation and labor, CD8+ and CD4+ counts, as well as the percent of CD4+ and CD8+ T cells at the time of delivery ([Table 2](#pone.0126068.t002){ref-type="table"}). We observed no significant difference in the factors examined between these two groups of women within the study period. We do not have viral load information for these women due to sample storage conditions in Kenya and the absence of reliable viral load testing methods during the period of study. However, studies showed that CD4+ counts and the percentage of CD4+ T cells of the patients infected with HIV-1 are negatively correlated to the viral load \[[@pone.0126068.ref026],[@pone.0126068.ref027]\] and analysis of the correlation of log viral load with CD4+ T cell counts and the percent of CD4+ T cells in a group of drug naïve Kenyan women also showed a linear correlation (Multiple R:0.921, R^2^: 0.848), the similar CD4+ counts for both groups of women in the absence of anti-retroviral treatment (\>500) suggest that they are healthy and with comparable viral load at the time of this study. We also compared biological markers of HIV-1 infected children with those who were HIV-1 negative, such as sex, birth weight, and gestation age, as well as duration of follow-up ([Table 2](#pone.0126068.t002){ref-type="table"}). The sex ratio, birth weight, and gestational age are very similar between the two groups of children, except that the follow-up time of HIV-1 negative children is almost double that of the HIV-1 positive children. In summary, during the study period there is no significant difference in the examined biological markers of the mother and children in this study.

10.1371/journal.pone.0126068.t002

###### Comparison of demographic, obstetric, and other characteristics of mothers and children in the study.
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  ------------------------------- --------------------- ------------- ---------- -------------------- --------------------- -------------
  **Biology factors**             **mother**            **N**         **Mean**   **Std. Deviation**   **Std. Error Mean**   **p value**
  **(2-tailed)**                                                                                                            
  age                             only have HIV- Kids   135           23.21      4.22                 0.36                  0.579
  have HIV+ Kids                  97                    22.9          4.17       0.42                                       
  MARIT_STAT                      only have HIV- Kids   134           2.54       0.83                 0.07                  0.755
  have HIV+ kids                  98                    2.57          0.81       0.08                                       
  gravida                         only have HIV- Kids   134           2.64       1.63                 0.14                  0.301
  have HIV+ kids                  97                    2.41          1.7        0.17                                       
  GESTAGE_WK                      only have HIV- Kids   126           38.52      4.13                 0.37                  0.97
  have HIV+ kids                  94                    38.54         2.86       0.3                                        
  GESTAGE_AGE                     only have HIV- Kids   103 (90.5%)                                                         NS
  **≥** 37 weeks                  have HIV+ kids        75 (91.5%)                                                          
  SEXPART_5                       only have HIV- Kids   132           3.1        9.14                 0.8                   0.951
  have HIV+ kids                  96                    3.18          10.03      1.02                                       
  RUPTURED_H                      only have HIV- Kids   130           4.05       5.61                 0.49                  0.546
  have HIV+ kids                  90                    3.58          5.95       0.63                                       
  LABOR_HRS                       only have HIV- Kids   132           11.01      8.83                 0.77                  0.702
  have HIV+ kids                  90                    10.61         5.15       0.54                                       
  CD4+ count                      only have HIV-Kids    116           530.8      261.7                24                    0.598
  have HIV+ kids                  90                    563.0         530.2      56                                         
  CD4+ (%)                        only have HIV- Kids   116           24.57      0.08                 0.007                 0.058
  have HIV+ kids                  90                    22.24         0.096      0.01                                       
  CD8+ count                      only have HIV- Kids   116           1102       529.2                50                    0.356
  have HIV+ kids                  89                    1225          978.3      87                                         
  CD8+ (%)                        only have HIV- Kids   116           50.22      10.03                0.92                  0.989
  have HIV+ kids                  89                    50.2          12.56      1.32                                       
  **Biology factors**             **children**          **N**         **Mean**   **Std. Deviation**   **Std. Error Mean**   **p value**
  **(2-tailed)**                                                                                                            
  Birth weight (gram)             HIV-                  152           3028       545.2                44.2                  0.686
  HIV+                            97                    3057          587.2      59.6                                       
  Sex                             HIV-                  173           1.54       0.5                  0.04                  0.436
  HIV+                            107                   1.5           0.5        0.05                                       
  Duration of follow-up (month)   HIV-                  169           46.52      45.33                3.48                  0.00002
  HIV+                            105                   24.87         30.72      3.00                                       
  ------------------------------- --------------------- ------------- ---------- -------------------- --------------------- -------------

The major HLA class II alleles and allele groups of the study population {#sec009}
------------------------------------------------------------------------

High resolution sequence-based typing identified 13 DPA1, 42 DPB1, 18 DQB1 alleles in 234 mothers. Higher number of alleles were identified in the 298 children (13 DPA1, 47 DPB1 and 19 DQB1 alleles). Ten DRB1 allele groups were identified by a low resolution sequence-based DRB typing in both mothers and their children. The alleles or allele groups with frequencies above 4% of the population are listed in [Table 3](#pone.0126068.t003){ref-type="table"}. In general the frequencies of the major HLA class I allele/allele groups of mothers and their children are similar, except that the DPB1\*17:01 phenotype frequency of children is significantly higher than that of the mothers (12.08% vs 6.41%, *p* = 0.019), and the mothers' DRB1\*08 phenotype frequency is significantly higher than that of the children (15.81% vs 9.73%, *p* = 0.048).

10.1371/journal.pone.0126068.t003

###### Major HLA class II alleles/allele groups in mothers and their children.
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              mother           children         p value
  ----------- ---------------- ---------------- -----------
  **DPA1**                                      
  01:03       125(53.42%)      159(53.36%)      ns
  02:01       63(26.92%)       101(33.89%)      ns
  02:02       74(31.62%)       91(30.54%)       ns
  03:01       79(33.76%)       106(35.57%)      ns
  04:01       11(4.70%)        12(4.03%)        ns
  **DPB1**                                      
  01:01       95(40.60%)       115(38.59%)      ns
  02:01       60(25.64%)       66(22.15%)       ns
  03:01       27(11.54%)       37(12.42%)       ns
  04:01       18(7.69%)        23(7.72%)        ns
  04:02       80(34.19%)       90(30.20%)       ns
  13:01       15(6.41%)        20(6.71%)        ns
  **17:01**   **15(6.41%)**    **36(12.08%)**   **0.019**
  18:01       19(8.12%)        15(5.03%)        ns
  55:01       10(4.27%)                          
  **DQB1**                                      
  02:01       62(26.50%)       79(26.51%)       ns
  03:01       85(36.32%)       109(36.58%)      ns
  04:02       39(16.67%)       46(15.44%)       ns
  05:01       60(25.64%)       78(26.17%)       ns
  06:02       62(26.50%)       88(29.53%)       ns
  06:04       18(7.69%)        19(6.38%)        ns
  06:09       18(7.69%)        17(5.70%)        ns
  **DRB1**                                      
  01          24(10.26%)       36(12.08%)       ns
  03/13/14    150(64.10%)      184(61.74%)      ns
  04                           15(5.03%)        ns
  07:01       21(8.97%)        33(11.07%)       ns
  **08**      **37(15.81%)**   **29(9.73%)**    **0.048**
  10:01       14(5.98%)        19(6.38%)        ns
  11          98(41.88%)       126(42.28%)      ns
  15:03       55(23.50%)       62(20.81%)       ns
  DRB3        188(80.34%)      250(83.89%)      ns
  DRB4        35(14.96%)       47(15.77%)       ns
  DRB5        55(23.50%)       61(20.47%)       ns

DRB concordance increased the risk of perinatal HIV--1 transmission {#sec010}
-------------------------------------------------------------------

Because polymorphic HLA induces the most rapid and potent prophylactic immune reaction known against intraspecific antigens and previous studies have shown that concordance of HLA class I genes increases risk of mother-child HIV transmission, we analyzed the effect of concordance of HLA class II genes on mother-child perinatal HIV transmission. The analysis showed that concordance of DRB genes between mother and child increased the risk of perinatal transmission of HIV-1 by 3 fold ([Table 4](#pone.0126068.t004){ref-type="table"}). A significantly higher percentage of HIV-1 perinatally infected children are DRB concordant with their mothers, while significantly higher percentage of perinatally uninfected children are DRB discordant (p = 0.00035, odds ratio: 3.09, 95%CI:1.64--5.83). Whereas, concordance or discordance of DPA1, DPB1 and DQB1 between mother and child had no significant influence on perinatal HIV-1 transmission (*p* = 0.618, *p* = 0.213, and *p* = 0.758 respectively). We stratified Mother's CD4+ and CD8+ T cell counts based on the concordance of class II genes between mother and child, and observed no significant difference (data not shown). The increased perinatal HIV transmission appears to be correlated with DRB concordance between mother and child, and not the mother's CD4+ T cell counts.

10.1371/journal.pone.0126068.t004

###### The effect of HLA class II concordance on perinatal HIV-1 transmission.
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                                        HIV+ children (n = 92)   HIV- children (n = 162)   p value(corrected)   odds ratio (95%CI)
  ------------------------------------- ------------------------ ------------------------- -------------------- --------------------
  children DRB concordant with mother   29 (31.95%)              21 (12.96%)               0.00035(0.0014)      3.09 (1.64--5.83)
                                        (n = 96)                 (n = (169)                                      
  children DPA concordant with mother   43 (44.8%)               67 (39.6%)                n.s                  1.24 (0.74--2.05)
                                        (n = 95)                 (n = 159)                                       
  children DPB concordant with mother   24 (25.3%)               34 (21.4%)                n.s                  1.24 (0.68--2.26)
                                        (n = 80)                 (n = 160)                                       
  children DQB concordant with mother   27(33.8%)                57(35.6%)                 n.s                  0.92 (0.52--1.62)

The effect of Mother's and children's HLA class II genotype and perinatal HIV-1 transmission {#sec011}
--------------------------------------------------------------------------------------------

We examined the effect of several previously reported HLA class II alleles associated with resistance or susceptibility to HIV-1 infection in the Pumwani Sexworker cohort on perinatal HIV-1 transmission \[[@pone.0126068.ref020]--[@pone.0126068.ref022]\]. The influence of specific class II genotypes on perinatal HIV-1 transmission was also examined for those with frequencies 4% or higher in the study population. Several class II genotypes of the mothers or children were significantly associated with either protection or increased risk of perinatal transmission ([Table 5](#pone.0126068.t005){ref-type="table"}). Mothers with DPB1\*55:01 were 5 times more likely to perinatally transmit HIV-1 virus to their children than mothers without DPB1\*55:01 (*p* = 0.023, OR:5.1, 95%CI:1.06--24.57), while mothers with DQB1\*03:03 only have HIV negative children ([Table 5](#pone.0126068.t005){ref-type="table"}). Children with DRB3 phenotype were significantly less likely to be perinatally infected (p = 0.0006, OR: 0.304, 95%CI: 0.128--0.723), whereas children with DPA1\*04:01 were more likely to be infected at birth (p = 0.036, OR:3.696, 95%CI:1.08--12.6). Multivariate analysis showed that both DRB discordance and children's DRB3 phenotype are important at protecting children from perinatal HIV-1 infection ([Table 6](#pone.0126068.t006){ref-type="table"}). Similarly, DRB concordance, mother's DPB1\*55:01 phenotype and children's DPA1\*04:01 phenotype are independent risk factors for HIV-1 transmission at birth ([Table 6](#pone.0126068.t006){ref-type="table"}). Stratified analysis of CD4+ T cell counts based on mother's HLA phenotypes observed no significant difference (data not shown). After correction for multiple comparisons only the protective correlation of children's DRB3 phenotype remains significant (*Pc* = 0.014).

10.1371/journal.pone.0126068.t005

###### The influence of specific HLA class II phenotypes on perinatal HIV-1 transmission.
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  -------------------------------- ---------------------------------------------- ----------------------------------------- ---------------- ----------------------
  **Mother**                                                                                                                                 
  mother\'s class II Phenotype     mothers have only HIV negative kid (n = 127)   mothers have HIV positive kid (n = 106)   p value (FDR)    odds ratio (95%CI)
  DPB1\*55:01                      2 (1.6%)                                       8 (7.5%)                                  0.027 (NS)       5.1 (1.06--24.57)
  DQB1\*03:03                      6 (4.7%)                                       0                                         0.025 (NS)       do not transmit
  **Children**                                                                                                                               
  Children\'s class II Phenotype   HIV-                                           HIV+                                      p value (FDR)    odds ratio (95%CI)
  (n = 187)                        (n = 112)                                                                                                 
  DPA1\*04:01                      4 (2.1%)                                       8 (7.1%)                                  0.036 (NS)       3.519 (1.04--11.97)
  DRB3                             167 (89.3%)                                    83 (74.1%)                                0.0006 (0.014)   0.343 (0.183--0.642)
  -------------------------------- ---------------------------------------------- ----------------------------------------- ---------------- ----------------------

10.1371/journal.pone.0126068.t006

###### Multi-variate analysis.
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  Binary logistic regression analysis                                                           
  ------------------------------------- -------- ------- -------- ------------ -------- ------- --------
  DRB_discordant                        0.837    0.344   5.938    0.015        2.310    1.178   4.528
  Children_DRB3                         1.340    0.523   6.571    0.010        3.819    1.371   10.641
  constant                              -0.876   0.157   30.948   0.00000003   0.416            
  DRB_concordant                        -0.992   0.355   7.832    0.005        0.371    0.185   0.743
  Mom_DPB1\*5501                        -1.978   0.826   5.726    0.017        0.138    0.027   0.699
  Children_DPA1\*0401                   -1.272   0.648   3.850    0.05         0.280    0.079   0.999
  constant                              3.327    1.072   9.638    0.002        27.847           

The interactive effect of DRB1\*15:03, DRB concordance/discordance and DRB3 in perinatal HIV transmission {#sec012}
---------------------------------------------------------------------------------------------------------

DRB1\*15:03 has been identified as a risk factor to HIV-1 infection in the Pumwani Sexworker Cohort \[[@pone.0126068.ref021]\]. However, when examining the effect of the mother's DRB1\*15:03 genotype on perinatal HIV-1 transmission we did not see the association of DRB1\*15:03 in mother or children with increased risk of perinatal HIV transmission (*p* = 0.334 and *p* = 0.232, respectively). Because of the strong effect of DRB discordance on reducing the risk of perinatal HIV transmission, it is possible that the effect of DRB1\*15:03 is masked by the DRB discordance. To confirm this we compared HIV-1 infection in children who were born to DRB1\*15:03+ mothers with those whose mother were DRB1\*15:03- and examined DRB concordance/discordance on perinatal HIV transmission ([Table 7](#pone.0126068.t007){ref-type="table"}). Among the children who were DRB discordant with their mothers being born to DRB1\*15:03- mother their odds of being infected at birth is less than 20%. Whereas the children with DRB1\*15:03+ mother the protective effect of DRB discordance disappeared and their odds of being infected at birth is close to 1 ([Table 7](#pone.0126068.t007){ref-type="table"}). DRB1\*15:03+ phenotype, mother or child, abolished the protective effect of DRB discordance ([Table 7](#pone.0126068.t007){ref-type="table"}). We also examined whether the interactive effect can also be observed between DRB1\*15:03 and DRB3. The results showed that children with DRB3 phenotype were significantly less likely to be infected at birth ([Table 5](#pone.0126068.t005){ref-type="table"}), however, if DRB3+ children born to DRB1\*15:03+ mother the odds of being infected at birth increased 4 fold compared to those with DRB1\*15:03- mother ([Table 7](#pone.0126068.t007){ref-type="table"}). Therefore, both DRB concordance and DRB1\*15:03+ phenotype are risk factors in mother-child HIV-1 transmission.

10.1371/journal.pone.0126068.t007

###### Interactive effect of DRB discordance, DRB1\*1503 phenotype and specific class II alleles on perinatal mother-child HIV transmission.

![](pone.0126068.t007){#pone.0126068.t007g}

  ---------------- ------------------------------------------------ ----------------------------------------------- ---------------------- ---------------------- --------------- --------------- ---------------------- ----------------------
                   **Children with DRB1\*1503- mother (n = 191)**   **Children with DRB1\*1503+ mother (n = 62)**                                                                                                        
                   HIV+ (n = 66)                                    HIV- (n = 125)                                  p value                odds ratio (95%CI)     HIV+ (n = 26)   HIV- (n = 36)   p value                odds ratio (95%CI)
  DRB\_ discord    45 (68.2%)                                       115 (92.0%)                                     0.00002                0.186 (0.081--0.427)   18 (69.2%)      25 (69.4%)      0.986                  0.99 (0.332--2.956)
                   **DRB1\*1503- children (n = 195)**               **DRB1\*1503+ children (n = 56)**                                                                                                                    
                   HIV+ (n = 66)                                    HIV- (n = 129)                                  p value                odds ratio (95%CI)     HIV+ (n = 24)   HIV- (n = 32)   p value                odds ratio (95%CI)
  DRB\_ discord    49 (74.2%)                                       119 (92.2%)                                     0.0006                 0.242 (0.104--0.566)   14 (58.3%)      21 (65.6%)      0.577                  0.733 (0.246--2.184)
                   **DRB1\*1503- mother and children (n = 174)**    **DRB1\*1503+ mother and children (n = 80)**                                                                                                         
                   HIV+ (n = 59)                                    HIV- (n = 115)                                  p value                odds ratio (95%CI)     HIV+ (n = 33)   HIV- (n = 47)   p value                odds ratio (95%CI)
  DRB_discord      40 (67.8%)                                       105 (91.3%)                                     0.00008                0.201 (0.086--0.468)   10 (30.3%)      11 (23.4%)      0.490                  0.703 (0.258--1.917)
                   **DRB1\*1503- mother (n = 203)**                 **DRB1\*1503+ mother (n = 61)**                                                                                                                      
  DRB3+ children   HIV+ (n = 71)                                    HIV- (n = 132)                                  p value                odds ratio (95%CI)     HIV+ (n = 25)   HIV- (n = 36)   p value                odds ratio (95%CI)
  66 (93.0%)       131 (99.2%)                                      0.012                                           0.101 (0.012--0.880)   16 (64.0%)             29 (80.6%)      0.148           0.429 (0.134--1.370)   
                   **DRB1\*1503- children (n = 214)**               **DRB1\*1503+ children (n = 57)**                                                                                                                    
  DRB3+ children   HIV+ (n = 75)                                    HIV- (n = 139)                                  p value                odds ratio (95%CI)     HIV+ (n = 23)   HIV- (n = 34)   p value                odds ratio (95%CI)
  69 (92.0%)       138 (99.3%)                                      0.004                                           0.083 (0.010--0.706)   14 (60.9%)             26 (76.5%)      0.207           0.479 (0.151--1.516)   
                   **DRB1\*1503- mother and children (n = 189)**    **DRB1\*1503+ mother and children (n = 85)**                                                                                                         
                   HIV+ (n = 65)                                    HIV- (n = 124)                                  p value                odds ratio (95%CI)     HIV+ (n = 33)   HIV- (n = 49)   p value                odds ratio (95%CI)
  DRB3+ children   61 (93.8%)                                       123 (99.2%)                                     0.048                  0.124 (0.014--1.133)   22 (66.7%)      41 (83.7%)      0.109                  0.390 (0.137--1.113)
  ---------------- ------------------------------------------------ ----------------------------------------------- ---------------------- ---------------------- --------------- --------------- ---------------------- ----------------------

Discussions {#sec013}
===========

In the absence of interventions, the risk of mother-to-child perinatal transmission of HIV is between 15--30% \[[@pone.0126068.ref001]\]. Among many factors influencing mother-child perinatal transmission, alloimmunity appears to play an important role to prevent a full bloom transmission of HIV-1 from mother to child \[[@pone.0126068.ref006],[@pone.0126068.ref010]\]. This can be seen in the protective effect of DRB discordance between the mother and child in reducing the vertical HIV-1 transmission in our study. Among class II antigens, DRB1 is the most polymorphic locus with 1638 alleles identified to date \[[@pone.0126068.ref013]--[@pone.0126068.ref015], [@pone.0126068.ref028], [@pone.0126068.ref029]\]. In addition, DRB1 forms haplotypes with 3 other functional polymorphic DRB genes including DRB3, DRB4 and DRB5. This makes DRB gene cluster the most polymorphic complex. HLA class II antigens are constitutively expressed on the professional antigen-presenting cells and the level of expression of DRB is higher than DQ and DP \[[@pone.0126068.ref030],[@pone.0126068.ref031]\]. Thus, the effect of alloimmunity generated by DRB mismatch between mother and child would be greater because its much higher polymorphism and the higher-level expression of DRB genes than that of other class II genes.

DRB1\*15:03 was significantly associated with increased susceptibility to HIV-1 infection in the Pumwani Sex Worker Cohort \[[@pone.0126068.ref021]\]. In addition, DRB1\*15:03 increased seroconversion in Zambian discordant couples \[[@pone.0126068.ref032]\] and DR2 (DRB1\*15/16-DRB5 haplotype) was associated with susceptibility to HIV-1 infection in a South Indian cohort \[[@pone.0126068.ref033]\]. Our study showed that DRB1\*15:03 genotype of mother or children is also a risk factor for perinatal HIV transmission. The DRB1\*15:03+ phenotype of the mother or children abrogates the protective effect of alloimmunity due to DRB discordance. DRB1\*15 is associated with susceptibility to a variety of autoimmune diseases such as aplastic anemia \[[@pone.0126068.ref033]\], multiple sclerosis \[[@pone.0126068.ref034]\], and rheumatoid arthritis \[[@pone.0126068.ref035]\]. It suggests that individuals with this HLA type tend to have a higher level of immune activation that could lead to higher rates of HIV-1 transmission due to an increased number of activated CD4+ T-cells, which are easy targets of HIV-1.

In addition to the protective effect of alloimmunity due to discordance of HLA class II DRB antigen in mother-child HIV-1 transmission and the increased risk of DRB1\*15:03 phenotype in HIV transmission at birth, we also identified several other protective/susceptible class II phenotypes. Mothers with the DQB1\*03:03 phenotype do not transmit HIV-1 to their children perinatally and the children with DRB3 genotype were significantly less likely to be infected during birth ([Table 4](#pone.0126068.t004){ref-type="table"}). Whereas, mothers with DPB1\*55:01 phenotype are more likely to have children infected perinatally and children with DPA1\*04:01 phenotype have a higher risk to be infected during birth ([Table 4](#pone.0126068.t004){ref-type="table"}). The associations of DPB1\*55:01 (mother) and DPA1\*04:01 (children) with increased risk of perinatal HIV-1 transmission are independent of DRB concordance as see in the multivariate analysis. After correction for multiple comparisons only the association of DRB3 genotype of the children remains significant. Therefore, the association of DPB1\*55:01, DQB1\*03:03 and DPA1\*04:01 with differential risk of perinatal HIV transmission need to be confirmed in a different population. Alloimmunity is a possible explanation for the protective effect of children's DRB3 genotype, since DRB3 forms haplotypes with a great diversity of DRB1 alleles, including DRB1\*03, 11, 12, 13 and 14. The protective effect of DRB3 discordance was also observed in the HIV sero-discordant couples \[[@pone.0126068.ref036]\].

HLA class II antigens play an important role in response to infectious and autoimmune diseases through presenting pathogenic and self-peptides to CD4+ T cells. It is reasonable to assume that the 16 alleles of the 8 functional HLA class II genes in a given individual all play a role. The interactive effect of CD4+ T cell responses restricted by the 16 HLA class II alleles and the genetic diversity of these different HLA class II alleles could influence perinatal HIV transmission. In a previous study we have observed interactive effect of HLA class I alleles in HIV seroconversion and disease progression in the Pumwani sex worker cohort \[[@pone.0126068.ref037]\]. Our current study has shown the interactive effect of HLA class II genes on perinatal HIV transmission. The beneficial effect of alloimmunity by DRB discordance and DRB3 can be diminished by the detrimental effect of DRB1\*15:03.

High plasma HIV-1 load, low maternal CD4 cell counts, vaginal delivery, low gestational age, non-use of ARV by mother and/or neonates, and breast feeding have all been identified as independent factors associated with MCHT \[[@pone.0126068.ref002]--[@pone.0126068.ref004]\]. We have compared CD4+ and CD8+ T cell counts, gestational age and all related biological factors between mothers who did not transmit the virus to their children perinatally with the mothers who have transmitted the virus during birth. We observed no significant difference in the factors examined between these two groups of women within the study period. Due to sample storage conditions in Kenya and the absence of reliable viral load testing methods during the period of study, we do not have viral load information for these women. However, studies showed that CD4+ count and the percentage of CD4+ T cells of the patients infected with HIV-1 are negatively correlated to the viral load \[[@pone.0126068.ref026],[@pone.0126068.ref027]\] and analysis of the correlation of log viral load with CD4+ T cell counts and the percent of CD4+ T cells in a group of drug naïve Kenyan women also showed a linear correlation (Multiple R:0.921, R^2^: 0.848), the similar CD4+ counts for both groups of women in the absence of anti-retroviral treatment (\>500) indicate that they were healthy and with comparable viral load at the time of this study. Furthermore, CD4+ and CD8+ T cell counts stratified by different HLA class II phenotypes (data not shown) associated with different outcomes showed no significant difference during the time of this study. In the absence of antiretroviral treatment and with CD4+ counts greater than 500, indicate a relatively health status of these women at the time of this study and the likelihood of other confounding factors is small.

Mother-child transmission has been reduced to less than 1 percent in developed countries with prenatal HIV counselling and testing, antiretroviral prophylaxis, elective caesarean delivery and avoidance of breastfeeding. However, in developing countries where the majority of HIV-infected women live, ART is complex, expensive and is still not available to many. Also, over time, there will be reduced effectiveness due to the development of ARV resistance. Identifying and understanding the genetic factors associated with protection and increased risk will help to develop alternative prevention and treatment methods.
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